The paper is mainly focused on the ductility of beryllium as a function of impurity content. The author includes a table with extensive impurities listed as a function of both supplier (Brush-Wellman and Pechiney) and production method (i.e., pebble, powder, induction melt, electron-beam melt, etc).
Yury M. Verzilov, Kentaro Ochiai, Satoshi Sato, Masayuki Wada, Michinori Yamauchi, Takeo Nishitani: Analysis of Impurities in Be affecting evaluation of tritium breeding ratio JAERI-Research 2004-2005
The publication lists impurities for several Brush-Wellman beryllium products that were manufactured in 1950 for assessment on how the impurity content affects the neutron absorption cross-section.
Dlrow Company http://www.dlrow-cn.com/products/BERYLLIUM.htm
Dlrow produces beryllium in two forms: metal ingots and powder. They give nominal impurity contents for both with the oxygen content being much higher in the powder than the ingot form. Iron and carbon impurities are slightly higher in the powder with the ingot having higher manganese, copper, magnesium and nickel contents.
D. S. Gelles: Post Irradiation Evaluation of Beryllium Pebbles, Final Report, Pacific Northwest National Laboratory
This paper gives an elemental analysis of impurities for 3 Brush-Wellman and one Japanese beryllium material. Grain sizes were generally larger in irradiated specimens with a low dislocation density The microstructure changes are associated with the generation of helium bubbles. This gives rise to highly non-equiaxed thin platelet-like cavities on the basal plain. Optical and SEM micrographs of pebbles are included. Metals, www.ipp.mpg.de/eng/for/projekte/pfmc/pfmc.../I13_Lungu.pdf The presentation is focused on coating various metal substrates with beryllium. However, there is a slide with elemental analysis of two different beryllium base materials: beryllium from pressed flakes from NFF Pitesti, and a bulk beryllium from UKAEA. The flake beryllium generally had greater impurities than the bulk beryllium, with the largest differences (i.e., greater amounts in the flake beryllium) with iron, chromium and manganese. The bulk beryllium had a greater silicon impurity content than the flake.
Lungu et al: Beryllium Coatings on
There are also some microstructures of deposited beryllium films.
Blosser et al: Analysis of Trace Impurities in High-Purity Be: UCRL-71886 1969
The report gives impurity analysis of a large number of samples (they claim most ever) using spark-source mass spec and gamma activation analysis. Impurity analyses are given for an unknown commercial grade, Pechiney S grade, Berylco, UKAEA, and Brush pebble and powder beryllium.
The authors divide the purification mechanisms and the associated impurities into three classes:
1. Those with vapor pressures higher than liquid or solid beryllium at elevated temperatures , e.g., sodium, potassium, chlorine, magnesium. 2. Those with vapor pressures lower than beryllium, e.g., iron, titanium, chromium. 3. Those which are partially or totally insoluble in liquid beryllium, e.g., BeO, Be2C.
Gunther & Cook : Chemical Analysis of Be Shells, UCRL-TR-217909.
The authors analyzed NIF target shells using ICP-MS. Gives impurity analysis in as-provided ingot (PF-60) by Brush-Wellman.
Cliff W. Price: Ion microanalysis of Be, UCRL-98385 (1988)
The author found that the results obtained by ion microanalysis correlate with the metallurgical processing history of beryllium (emphasis mine). The relative concentrations of fluorine and chlorine can indicate whether fluoride or chloride salts were used in the initial reduction process used to produce the beryllium. Chlorine was significantly higher than fluorine in the Electrofusion material, which indicates it was from material reduced from the chloride salt. The presence of carbon-containing particles in the Electrofusion material also could be related to the use of graphite molds in the reduction process. Both fluorine and chlorine as well as carbon were quite low in a specimen prepared by multiple vacuum arc melts and vacuum distillation, which attests to the effectiveness of that technique.
The copy of the report has poor-quality micrographs included.
Heiko Kleykamp: Quantitative X-ray microanalysis of beryllium using a multilayer diffracting J. Anal. At. Spectrom., 1999, 14, 377-380 The maximum solubility of impurities in annealed industrial Be heats is reported.
W. G. Boyle, C . H. Otto, Jr.: Precipitation of beryllium from homogeneous solution by decomposition of an acetylacetone species in basic solution, UCRL-70194, August 21, 1967
The authors include recipes for making Be, BeO and hydroxides and chemical analyses of products.
Bunshar: Impurity Removal by distillation of Be from the soid state, Lawrence
Livermore National Laboratory, UCRL-12253, 1965 The report discusses the impurities in beryllium distilled from solid state. Impurities appear to be dependent on evaporation rate relative to beryllium.
"The metallic impurities present in Be may be classified according to their evaporation rates relative to Be as follows:
1. Evaporation rates much lower than Be, e.g., Fe, Ni, Si, Ti, Cr, Nb, etc. 2. Evaporation rates similar to Be, e.g., Al and Cu. 3. Evaporation rates much higher than Be, e.g., Mn, Ca, Mg, Na, etc. The researcher invested a large number of different beryllium products from a variety of sources, including A.E.R.E and U.S.S.R. The impurity content of all beryllium products is reported.
Microstructural Studies

Stuart I. Wright and James D. Cotton, Microtextural Characterization of a Be
Weldments: " Textures and Microstructures", 1995, Vol. 23, pp. 7-19 Microstructural examination of a beryllium weldment. The authors conclude that grains grow in response to thermal gradient, not in response to the orientation relationship to other grains in weld. The authors use grain misorientation statistics to analyze the grain structures in the weld.
D. S. Gelles: Post Irradiation Evaluation of Beryllium Pebbles, Final Report, Pacific Northwest National Laboratory
This paper gives an elemental analysis of impurities for 3 Brush-Wellman and one Japanese beryllium material. Grain sizes were generally larger in irradiated specimens with a low dislocation density The microstructure changes are associated with the generation of helium bubbles.. This gives rise to highly non-equiaxed thin platelet-like cavities on the basal plain. Optical and SEM micrographs of pebbles are included.
Cliff W/ Price, and J. C. Norber (Evan & Associates): Analysis of Particles in Be by Ion Imaging, Lawrence Livermore National Laboratory, UCRL-100797
The authors analyzed powder-pressed Be (DOE Spec. 0001319) and SRgrade from Pechiney using SIMS. They then looked under TEM to correlate microstructure with impurity content/location. "The relative concentration of Fl and Cl can indicate whether fluoride or chloride reductions were used to produce the beryllium".
Cliff Price: Analysis of Low and High-Voltage SEM images of Beryllium, Proceedings of the XIIth International Congress for Electron Microscopy 1990
The researcher reports on ion beam damage in commercial grade beryllium sheet: prominent microtwins are visible. A fine faceted microstructure is formed by the ion beam. Machined commercial grade Be showed surface defects. Fracture surfaces were similar to machined surfaces.
Beryllium Use in Nuclear Reactors
T. A. Tomberlin: Beryllium -A Unique Material In Nuclear Applications, Nov 2004, INEEL/CON-04-01869 Preprint
The publication outlines the uses of beryllium in a nuclear reactor. The authors list some of the nuclear reactors around the world known to use beryllium as a blanket, including the BR2 Belgian Engineering Test Reactor in Mol, Belgium, the MARIA research reactor of the Institute of Atomic Energy in Poland, the High Flux Isotope Reactor near Oak Ridge, Tennessee, and at Idaho National Engineering Environmental Laboratory, in their test reactor. The paper lists the 6 nuclear reaction chains of beryllium. All produce helium that causes swelling in the beryllium, producing internal stresses and changes to the mechanical properties of the beryllium.
Yury M. Verzilov, Kentaro Ochiai, Satoshi Sato, Masayuki Wada, Michinori Yamauchi, Takeo Nishitani: Analysis of Impurities in Be affecting evaluation of tritium breeding ratio JAERI-Research 2004-2005
D. S. Gelles: Post Irradiation Evaluation of Beryllium Pebbles, Final Report, Pacific Northwest National Laboratory
This paper gives an elemental analysis of impurities for 3 Brush-Wellman and one Japanese beryllium material. Grain sizes were generally larger in irradiated specimens with a low dislocation density The microstructure changes are associated with the generation of helium bubbles.. This gives rise to highly non-equiaxed thin platelet-like cavities on the basal plain. Optical and SEM micrographs of pebbles are included. The authors report on particle dispersal from high-explosive dispersal experiments conducted at Site 300. The focus for the beryllium particles was the dispersal of respirable particles and whether or not they were capable of reaching the Site 300 boundary.
Dylst
Corrosion of Beryllium
Jeffrey R. Friedman and James E. Hanafee: Corrosion/Electrochemistry of Monocrystalline and Polycrystalline Beryllium in Aqueous Chloride Environment UCRL-ID-137482
Corrosion studies as a function of pH of single crystal and polycrystalline beryllium. Different crystal orientations produce different corrosion rates. Included in the report are micrographs of corrosion pits. Older beryllium is more anisotropic than newer beryllium, so the age of beryllium needs to be considered when assessing corrosion of beryllium parts.
Mechanical Properties (including fracture)
Jankowski et al: Crystallization of Be-B metallic glasses, UCRL-JC-147-456
The paper outlines the research aimed at producing glassy-type beryllium targets for NIF. TEM and SADP micrographs of the evolution of nanocrystalline regions as a function of annealing temperature are included.
Grain size of beryllium produced by evaporation and sputter deposition can be refined with metal impurities. Adding B > 11% serves as glassy phase former. Then annealed and nanocrystalline structure evolves. "It's generally accepted that the low ductility is associated with its hexagonal close packed (hcp) structure, localized slip, and high impurity content (especially that of BeO in Be powder products)."
